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港区总面积 563.3 km2，海域面积 391.76 km2，滩涂面积 171.53 km2。港内生境类
型多样性高，物种丰富。近年来象山港海水养殖、过度捕捞和临港工业带来的环
境影响越来越明显，水质参数（总氮 TN，氨态氮 NH3-N，磷酸盐 PO4-P，氮磷
比 N/P）均超 IV 类海水水质标准，富营养化严重。因此通过建设海洋牧场来改
善生态环境，恢复渔业资源显得非常必要。本研究应用稳定同位素技术研究了象




（trophic base）分为浮游植物（δ13C -18.63‰）、大型海藻（δ13C -15.17‰）、沉
积相有机颗粒物 SOM（δ13C -21.79‰）和悬浮颗粒有机物 POM（δ13C -24.29‰）
4 种。IsoSource 混合模型表明大型海藻对食物网的碳源贡献最高（35.5%）；浮游





黑斑口虾蛄（Oratosquilla kempi）的营养级比较高，为 3.6。黄姑鱼（Nibea albiflora）、
白姑鱼（Argyrosomus argentatus）、舌虾虎鱼（Glossogobius giuris）、日本花鲈




（3）以象山港海域生态系统为研究对象，利用 EwE 的 Ecopath 模块构建象








































Xiangshan Bay is a very important Bay in Ningbo city (E121°25′~122°03′, 
N29°24′~29°48′). The Bay has a surface area of 563.3 km
2
, the water surface area is 
391.76 km
2
, and the intertidal area is 171.53 km
2
. The Bay supports high species 
diversity and rich fishery resources, but now the rapid development of coastal 
economy of Ningbo city heavily affects the marine environment, resourses and the 
food-web structure of Xiangshan Bay ecosystem. The water indexes of TN, NH3-N, 
PO4-P, N/P show that the Bay was a eutrophic Bay. Recently marine ranching was 
thought as a usefull tool for marine environment protect. Stable isotope technology 
was employed to study the food web structure of Xiangshan Bay, additionally a 
trophic model was structured of Xiangshan Bay used Ecopath with Ecosim to assess 
the maturity and stability of the ecosystem, the main results were showed as follow: 
(1)The food sources can be sorted into four categories based on δ
13
C value as 
Phytoplankton (-18.63‰), Macro-algae (-15.17‰), SOM (-21.79‰) and POM 
(-24.29‰) in spring and autumn. The result of IsoSource mix model shows that in 
spring and autumn the food web in the studied area base on Macroalgae(35.5%), 
Phytoplankton(30.9%) and SOM (19.4%). POM appears to be a minor importance in 
this system (13.7%).  
(2)The δ
15
N value of zooplankton was set as the basicline value and set TEF as 
2.5‰, the trophic level (TL) ranged from 2 to 3.8 based on the δ
15
N value of 
consumers. Atrina pectinata and Octopus variabilis has a TL about 2.0 ,which is the 
lowest TL in all consumers, Oratosquilla kempi has the hightest TL in invertebrate, 
the TL for the fish Argyrosomus argentatus, Nibea albiflora, Glossogobius giuris, 
Lateolabrax japoicus are higher than 3.5, indicated that they are the top predators of 
the ecosystem. The planktivore fish species on the bottom of the food chain and the 
piscivorous fish on the top of food chain which depended on the feeding habits of 
fishes. The TL of consumers are lower than adjacent area. 
(3)The study was focused on Xiangshan Bay ecosystem, based on the date of 
















model was structure using Ecopath with Ecosim, the model consisted of 21 functional 
groups, the effective trophic levels of all functional groups ranged from 1.00 to 3.71, 
the Ecotrophic efficiency (EE) of many functional groups is higher than 0.8, but the 
functional groups of Phytoplankton and Benthic mussels have a low EE. Flow of 
Xiangshan Bay ecosystem had two main passways: the grazing food chain from 
phytoplankton and the detritus food chain. 47% of the total flow in the ecosystem was 
from phytoplankton, and 53% was from detritus. The average transfer efficiency of 
Xiangshan Bay ecosystem was 10.9%. 
(4)The total system throughput was 2280.724 t/km
2
·y, the value of TTP/TR, the 
Connect Index (CI) and System Omnivory Index (SOI) were 1.76, 0.375 and 0.215, 
respectively. For Xiangshan Bay the value of indexes showed low energy and matter 
recycling and shot flow pathway, suggesting that the Xiangshan Bay ecosystem was 
unmaturity and unstability. 



















东北-西南向伸入内陆。港域纵深约 60 km，港口宽约 20 km，港中宽度 3~8 km，
港区总面积 563.3 km 2，海域面积 391.76 km 2，滩涂面积 171.53 km 2。象山港属
于欧亚大陆东部的亚热带季风区，暖湿多雨，四季分明，气温范围-7.5~38.8℃，
年平均气温 16.2~17.0 ℃。年平均降水量 1239~1522 mm，年蒸发量 1417~1503 mm。








象山港是浙江省重要的水产养殖基地，网箱养殖业发达，2000 年 6 月养殖
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图 1-1 12C 和 13C 的基本结构加号表示质子，圆圈表示中子，椭圆表示电子（未
表示）的运动轨迹（引自 Elizabeth W et al., 2007） 




C, Plus symbols represent protons, 
open circles represent neutrons (neutral), and ellipses represent the path taken 
by the six negatively charged electrons (not shown) as they orbit the nucleus 
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